Chromatography of different soluble extracts from HeLa cells on poly(A)-Sepharose columns has allowed the isolation of a protein fraction eluted by 0.2 M NaCl and localized predominantly in the cytoplasmic supernatant and in the 0.5 M KCI ribosomal wash. This fraction is present in large amounts (around 3% of total cytosolic proteins) and appears to contain a major protein species that is acidic on electrofocusing (pI around 4.5) and phosphorylated. It runs on glycerol gradients and Sephadex G-200 chromatography close to the aldolase marker (158,000 daltons) and dissociates into apparently identical subunits of 38,000 i 2,000 daltons on sodium dodecyl sulfate-acrylamide gels, suggesting a tetrameric structure.
isolate a poly(A)-protein complex (26) although no information about its protein moiety has been presented yet. Using the same kind of approach with rat liver or mouse L cells, Blobel found a 78,000-dalton protein likely to be associated with the poly(A) segment of polysomal mRNA (27) .
As an alternative approach, we set out to make a systematic investigation of poly(A)-binding proteins by affinity chromatography of different cellular extracts onpoly(A)-Sepharose columns. The present paper reports on the isolation and partial characterization of a cytoplasmic protein from HeLa cells that exhibits in vitro affinity for poly(A).
There is now unambiguous evidence for the presence ofpoly (A) sequences about 200 nucleotides long in both mRNAs and their nuclear precursors of all eukaryotic organisms, as was originally found in HeLa (1, 2) and mouse sarcoma 180 ascites cells (3) . These sequences are located at the 3' end (4-6) of both RNA species to which they are added after transcription (7) (8) (9) . They have also been found in the virus-specific nuclear and polysomal RNA of oncogenic viruses like adenovirus (9) and simian virus 40 (10) , whose DNA is integrated into the host genome. The finding that 3'-deoxyadenosine (cordycepin), a specific inhibitor of poly(A) synthesis, blocks the cytoplasmic appearance of mRNA without significantly affecting heterogeneous nuclear RNA (HnRNA) synthesis (7, 8, 11 ) strongly supports the idea that poly(A) sequences might be involved in the nucleocytoplasmic transfer of mRNA (7, 8) . On the other hand, the occurrence of poly(A) in mRNA from vaccinia virus that replicates exclusively in the cytoplasm (4) as well as in the genome of many RNA viruses (12) (13) (14) (15) (16) (17) suggests a possible role at some step of the translation mechanism. Of course, these two hypotheses are neither limitative nor mutually exclusive.
It is also well established that mRNA is transferred from the nucleus to the cytoplasm in association with proteins, as 2 M NaCl in buffer A. In all these steps, including loading of the column, the flow rate was adjusted to 6 ml/hr by means of a peristaltic pump collecting 1-ml fractions. These were assayed either for their absorbance at 280 nm or for radioactivity. In this latter case, 100-id aliquots were precipitated with 10% (w/w) cold trichloroacetic acid in the presence of 50 ug of bovine-serum albumin as a carrier. After they cooled in ice for 15 min, precipitates were collected by filtration on Whatman GF/C glass filters, washed with 5 ml of 5% trichloroacetic acid and 2 ml of ethanol, then dried and counted in a toluene-based scintillator in a Packard-Tricarb spectrometer. Protein concentrations of particular fractions were also determined according to Linn and Lehman (29) .
Sedimentation Analyses on Glycerol Gradients. About 1 mg of bovine-serum albumin was dissolved in a 0.3.ml aliquot of the peak fraction eluted from poly(A)-Sepharose by buffer A containing 0.2 M NaCl, layered on top of a 11.5-ml 10-30% (w/v) glycerol gradient in buffer A containing 0.1 M NaCl, and centrifuged for 37 hr at 38,000 rpm in the SB-283 rotor of the IEC B-60 ultracentrifuge at 4°. Fractions of 0.5 ml were collected from the bottom of the tubes by means of a peristaltic pump, and their absorbance at 280 nm was determined. Radioactive fractions were precipitated, filtered, and counted. Calibration of these gradients was achieved by running on parallel gradients several marker proteins like cytochrome c, ovalbumin, bovine-serum albumin, aldolase and catalase, all purchased from Boehringer. The following molecular weight and S values, specified by the manufacturer, were used: 13,500 and 2 S for cytochrome c; 45,000 and 3.6 S for ovalbumin, 68,000 and 4.5 S for bovine-serum albumin, 160,000 and 7.5 S for aldolase, 240,000 and 11.1 S for catalase. Two markers of widely different sizes were run on the same gradient.
Sephadex G-200 Chromatography. Sephadex G-200 (40-120 ,um) was obtained from Pharmacia and swollen by heating in a boiling water bath for 5 hr as recommended by the manufacturer. After cooling and removing of the fine particles by successive settlings and decantations, it was equilibrated by several changes of buffer A containing 0.1 M KCl. The column (1.6-cm internal diameter) was packed under gravity, then washed overnight in the same buffer with a constant hydrostatic pressure of 25 cm. The final height of the column was 81 cm, corresponding to 155 ml packed volume. All samples (1-2 mg of protein) were loaded in 0.5 ml of buffer A containing 0.1 M KCl and a few crystals of both sucrose and Dextran blue.
The same marker proteins were used as for glycerol gradient sedimentation. Each marker was run separately on the same column. The sample was run together with 1 mg of bovineserum albumin. Fractions of 1.15 ml were collected at a flow rate of 12 ml/hr. Marker proteins were detected by their absorbance at 280 nm or at 230-nm. The radioactive sample protein was counted as trichloroacetic acid-precipitable material.
Electrophoresis on Sodium Dodecyl Sulfate-Acrylamide Gels. Ten percent gels containing 0.1% sodium dodecyl sulfate (SDS) were prepared according to Matringe and Jacob (30), using 0.5-ml stacking gel and 3-ml separation gel in 6-mm diameter glass tubes. Aliquots of the chromatographic fractions were heated for 5 min at 100°in the presence of 1% SDS and 1% 2-mercaptoethanol.
Samples up to 100 MA were layered on top of the stacking gel along with a few sucrose crystals and 4 .l of 0.01% bromphenol blue. Electrophoresis was carried out at 5 mA per gel until the dye had reached 0.5 cm above the lower end of the gel. Gels were either stained for 2 hr in a 0.25% solution of Coomassie brilliant blue in methanol-acetic acid-water (5:1:5), then destained by diffusion in the same solvent, or cut into 1-mm slices which were depolymerized overnight in 0.5 ml of hydrogen peroxide (110 volumes) and counted in 10 ml of a Tritoncontaining scintillator.
Molecular weights were estimated according to Weber and Osborn (31) , with the same protein standards as for glycerol gradient sedimentation.
Electrofocusing was performed according to the principles of Vesterberg and Svensson (32) , with the analytical 110-ml column and pH 3-10 ampholines from LKB. All experiments were run for 20 hr at 300 V under refrigeration with running tap water (15°). Up to 1-ml aliquots of the chromatographic fractions were directly included in the stabilizing sucrose gradient (0.5-47%, w/v) containing 1% ampholines. Fractions of 2 ml were collected at a flow rate of 100 ml/hr, assayed for pH at 250, precipitated with 10% trichloroacetic acid, filtered, and counted. (Fig. la) . The same cellular fractions from a similar nonradioactive preparation were also analyzed under identical conditions (Fig. lb) . After extensive washing of the column, a very sharp peak of both radioactivity and absorbance at 280 nm is eluted by 0.2 M NaCl in the case of CS and RW. Although there appears to be a small but detectable peak also in the nuclear supernatant, it is obvious that this 0.2 M NaCl fraction (to be referred to as F 0.2 M) is by far more abundant in the cytoplasmic and ribosomal extracts in terms of absolute quantity. Its relative proportion in the cytoplasm is very high, amounting to about 3% and 6% of total input for, respectively, CS and RW when assayed either by the Lowry method or by radioactivity. RW seems, therefore, to be enriched in this fraction. A second quantitatively smaller Fig. 4a along with the calibration curve obtained with several markers of known S values (Fig.  4b) . Under these conditions, F 0.2 M appears to migrate at a position very close to that of the aldolase marker which is a tetrameric enzyme of 158,000 daltons.
In a gel filtration experiment, the same F 0.2 MI elutes from a Sephadex G-200 column as a single, highly symmetrical peak slightly behind that of aldolase (Fig. 5a) Results presented in Table 1 show that this protein contains inorganic phosphate and has a high excess of acidic amino acids. However, this latter feature may not be significant if, in the native protein, these acidic groups were masked by amide functions that are released as ammonia during the hydrolytic process. Indeed, enough ammonia was released by mild acid hydrolysis (in order to minimize the contribution of degraded amino acids) to account for the neutralization of most of the excess of acidic over basic residues. It seems, therefore, that phosphoryl groups should be mainly responsible for the acidic character of F 0.2 M protein. The existence of such groups has been confirmed by recent experi- 
DISCUSSION
In order to elucidate the role of poly(A) in the nucleocytoplasmic transport of mRNA or/and in its translation in polysomes, we hypothesized that any of these possible functions should involve poly(A)-protein interactions. Along this line, we set out to make a systematic investigation of cellular proteins able to bind to poly(A) in vitro. We report here the results of affinity chromatography on poly(A)-Sepharose columns of different soluble extracts from HeLa cells.
The presence of a protein fraction adsorbed to and eluted from poly(A) by 0.2 M NaCl was demonstrated in both the cytoplasmic supernatant and the 0.5 M KCl ribosomal wash. This protein fraction is present in large quantities in the cytoplasm, amounting to about 3% of the total protein content of cytosol and 6% of that of ribosomal wash. The smallamount of this material found in the nuclear supernatant might be due to cytoplasmic contamination. In terms of absolute quantity, it is found mostly in the cytoplasmic supernatant. Although preliminary experiments seem to indicate that proteins present in the 0.2 M NaCl eluates of the three types of cellular extracts are similar, the present study has only been concerned with that originating from the cytoplasmic supernatant.
Analysis of this F 0.2 M fraction on SDS-acrylamide gels revealed the presence of a unique band corresponding to a molecular weight of about 38,000. From its behavior on glycerol gradient and on Sephadex G-200, a molecular weight of about 150,000 was inferred for the native protein, suggesting a tetrameric structure which in turn may be indicative of possible regulatory properties. By electrofocusing, this protein turned out to be acidic, and chemical analyses demonstrated its phosphorylation.
Relevance of this protein to any physiological function of poly(A) is by no means established. However, it should be noticed that polypeptides of about the same size have been found in HeLa nuclear ribonucleoprotein particles in our lab (25) as well as in rat liver (35) and rat brain (30) . In this latter case, this polypeptide was found to be phosphorylated (36) . On the other hand, the protein described here bears no resemblance with Blobel's 78,000-dalton species supposedly bound to poly(A) (27) nor with any of those found in the cytoplasmic mRNA-containing particles from various tissues.
Salas and Green (37) have described in 3T6 cells a 40,000-dalton protein (P6) that binds to single-stranded DNA and whose synthesis is correlated with that of DNA. Relevance of the present protein to the latter as well as to other known RNA-binding factors (38) 
